Backbone connectivity is a critical and challenging problem in vehicle ad hoc networks. Just like base stations in cellular networks, the backbones or mobile base stations in vehicle ad hoc networks play important roles in location management and engineering applications. In this paper, we discuss the one-to-one connectivity by extending the navigation functions, and present the integrated power and mobility navigation functions. Considering the interference between the backbones, we describe the interference alleviating navigation function design. We establish the control laws, describe the numerical computation, and discuss the stability of the navigation system at the end.
the wireless backbone i respectively. Considering mobile backbones' power limitation and mobility constraints, backbone connectivity may be not maintained only by power or mobility for a mobile ad hoc network, so we describe integrated power and mobility control law design. Suppose the mobility and the power of each mobile backbone node are described respectively bẏ p i (t) = v i (t),ṙ i (t) = u i (t). (1) We extend the navigation function described in [4] , and present an integrated power and mobility navigation function for system (1) :
Remark 1. We can see from the navigation function G i (t) that with the p i (t) − p i+1 (t) or p i (t) − p i−1 (t) approaching the r i (t), the G i (t) will be decreasing. In other words, we can control the power and mobility of node i through G i (t). So, the integrated power and mobility navigation function G i (t) navigates p i+1 (t) and p i−1 (t) to connect with p i (t).
The mobility control law of each mobile backbone i is defined by
and the power control law of each mobile backbone i is now defined by
and we get a closed loop mobility control system from (1) and (3):
and a power control system from (1) and (4):
Let
T , and initial condition
⊗ is the Kronecker product, and I 2 is the 2 × 2 identity matrix. From (4) and (5), we get the stack vector form as
where
Lemma 1 ([5]).
If A 11 and A 22 are square matrices,
Lemma 2. detA 11 ̸ = 0. The conclusion is summarized in the following theorem:
Assume that the mobility of (1) is driven by (5) and the power of (1) is driven by (6) , and that the relative position
and power range r i (t) approach zero.
Interference alleviating navigation function design
Only for connectivity by the control law discussed in Section 2 do we see from Theorem 1 that the backbone nodes may close together. We know that the smaller the distance between the nodes, the bigger the interference between them. For a packet reception to be successful, [6] suggests that r I (t) = (1 + c 1 )r i (t), where r I (t) stands for the interference range, r i (t) stands for the communication range, and c 1 is a positive parameter. Consider the limited physical length between the backbone nodes; we propose the integrated control law design with one-by-one network and interference based backbone connectivity in this section, for the system (1). We construct an interference alleviating navigation function
Remark 2. We can see that the first two terms in (8) are same as two terms in (2) in view of the node i for connectivity. The second two terms in (8) are to maintain that a packet reception is successful in view of the node i − 1. The last term in (8) is to control that r i (t) is not approaching zero, but some positive parameter c 2 for adjacency links.
From (8), the power control law of each mobile backbone i is defined by u i (t) = −
, and the mobility control law of each mobile backbone i is now defined by v i (x) = −
; we get closed loop power control and the mobility control systemṗ
(10)
From (9) and (10), we get the stack vector form as
We apply a similar transform to A =  
Applying a similar transform again to A ′ 11 , we have 
Theorem 2.
Assume the mobility of (1) is driven by (9), and the power of (1) is driven by (10); the relative position p i (t)−p i+1 (t) or p i (t) − p i−1 (t) does not come close any longer in system (11).
